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Abstract  
The poultry industry normally has little control over the raw material that arrives at the processing 
plant. This experiment aimed to evaluate chemical and energetic quality of corn obtained in a feed mill 
before and after pre-cleaning. Twenty samples of 30 kg of corn each were taken from trucks delivering 
corn to the mill. The trucks were then unloaded and the material passed through a pre-cleaning process 
when another sample was taken. Samples were graded and physical properties evaluated: density (g/L), 
grain percentages of foreign material, impurities, fragments, broken,  soft, insect damaged, fire-burnt, 
fermented, damaged, cracked and fine particles, as well as chemical composition analysis: Apparent 
metabolizable energy for poultry (AME), ether extract (EE), crude fiber (CF), starch (STA), water 
activity (WA), crude protein (CP), digestible and total lysine, methionine, cystine, threonine, 
tryptophan, valine, isoleucine,  leucine, phenylalanine, histidine and arginine. The experiment was a 
randomized design with two treatments (before and after pre-cleaning) and twenty replications. Data 
was analyzed using SAS ® and treatment differences obtained using F test. Correlations and principal 
components were calculated. There was a decrease in density after the pre-cleaning process, which was 
probably due to the removal of earth and stones rather than grain and its fractions. Significant increases 
were found for insect damage, fermented and damaged grain while fire-burn was significantly reduced 
after the pre-cleaning process. Starch increased after pre-cleaning which is a result of contaminants 
that normally are poor in this carbohydrate, but fiber levels increased too. Apparent metabolizable 
energy, aminoacids, digestible (P<0.05) and total (P<0.05) histidine, total lysine and methionine 
(P<0.1) levels were reduced after pre-cleaning.  Density was higher when there were fewer impurities 
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such as straw, husk or small grains.  Broken corn was positively correlated (P<0.05) with foreign 
material (0.63) and fragments (0.76), while proportion of damaged corn was positively correlated with 
foreign material (0.68), fragments (0.58) and broken corn (0.83).  In this study, even in samples 
classified as excellent quality before pre-cleaning, the pre-cleaning process was effective in reducing 
humidity and water activity which helps control the growth of fungi or other microorganisms. Starch 
and fiber levels increased after pre-cleaning while apparent metabolizable energy levels was not 
improved by pre-cleaning. 
Keywords: density; energy; humidity; protein; starch. 
 
Resumo 
A indústria avícola normalmente tem pouco controle sobre a matéria-prima que chega à unidade de 
transformação. Este experimento teve como objetivo avaliar a qualidade química e energética do 
milho obtida em uma fábrica de rações, antes e após a pré-limpeza. Vinte amostras de 30 kg de 
milho, foram retiradas de caminhões que entregavam milho para o moinho. Após os caminhões 
serem descarregados e o material passar por processo de pré-limpeza, outra amostra foi retirada. As 
amostras foram classificadas e as propriedades físicas foram avaliadas: densidade (g/L), 
percentagens de grãos de material estranho,  impurezas, fragmentados, quebrados, chocho, 
danificados por insetos, queimados, fermentados, danificados,avariados e quirera, bem como 
análises de composição bromatológica: energia metabolizável aparente para aves (EMA), extrato 
etéreo (EE), fibra bruta (FB), amido (A), atividade de água (AA), proteína bruta (PB), lisina 
digestível e total, metionina, cistina, treonina, triptofano, valina, isoleucina, leucina, fenilalanina, 
histidina e arginina. O delineamento experimental foi o inteiramente casualizado com dois 
tratamentos (antes e após a pré-limpeza) e vinte repetições cada. Os dados foram analisados usando 
o programa SAS ® e as diferenças entre os tratamentos obtidos pelo teste F. Correlações e 
componentes principais foram calculados. Houve diminuição na densidade após o processo de pré-
limpeza que foi provavelmente devido à remoção de terra e pedras em vez de grão e as suas 
fracções. Aumentos significativos foram encontrados para danos causados por insetos, grãos 
fermentados e danificados, enquanto o nível de queimados foi significativamente reduzido após o 
processo de pré-limpeza. O amido aumentou após a pré-limpeza já que contaminantes normalmente 
são pobres neste componente, porém os níveis de fibra também aumentaram. Os níveis de energia 
metabolizável aparente, aminoácidos, digestibilidade aparente (P <0,05) e total (P <0,05) da 
histidina, de lisina total e metionina (P <0,05) foram reduzidos após a pré-limpeza. A densidade foi 
maior quando havia menos impurezas, como a casca de palha ou grãos pequenos. A presença de 
milho quebrado foi positivamente correlacionada (P <0,05) com material estranho (0,63) e 
fragmentos (0,76), enquanto que a proporção do milho danificado foi positivamente correlacionado 
com material estranho (0,68), os fragmentos (0,58) e milho quebrado (0,83). Neste estudo, mesmo 
as amostras sendo classificadas como de excelente qualidade antes da pré-limpeza, o processo de 
pré-limpeza foi eficaz em reduzir a umidade e atividade da água,  que ajuda a controlar o 
crescimento de fungos ou outros microorganismos nas rações. Os níveis de amido e fibra 
aumentaram após a pré-limpeza, enquanto que os níveis de energia metabolizável aparente não 
foram melhorados pela pré-limpeza. 
Palavras-chave: amido; densidade; energia; proteína; umidade.  
 
Recebido em: 15 fevereiro 2012 
Aceito em: 10 outubro 2014 
160  RODRIGUES, S.F.I.C. et al. 
 





The quality of ingredients used for feed production by a poultry feed milling facility is important 
because what the birds eat can affect flock and product quality, as well as directly affect the profit 
of the poultry business(1). The poultry industry normally has little control over the raw material that 
arrives at the processing plant, as raw feed ingredients are grown, harvested, stored, and transported 
by someone outside of the poultry industry. Therefore, the ingredient quality control component of 
a poultry feed mill operation is an important first step in assuring a healthy diet for the birds.  
Alterations in the quality of feedstuffs in Brazil are some of the most important problems that the 
animal food industry faces and can affect feed quality and therefore animal performance(2). Corn is the 
crop which occupies the largest cultivated area in Brazil and is used in both human and animal 
nutrition. The evaluation of physical quality of grain is an important tool to guarantee corn quality for 
ration use.  Data collected to determine the influence of chemical and physical properties of corn on 
animal performance(3) as well as how pre-cleaning affects physical quality of corn are limited in 
literature. 
Corn is assigned an official grade(4) based on quality descriptors including minimum test weight, 
maximum limits of damaged kernels, as well as broken corn and foreign material. Mechanical damage 
in grain can occur during harvesting, drying, transport and cleaning, which may give rise to cracked 
and damaged grains. A series of questions should be taken in to account in the feed mill including 
excess humidity, presence of cracked and damaged grains, weed seeds, fire-burnt, foreign material, 
mould and aflatoxins(2,5). These authors reiterate that if the corn is analyzed when it is received in the 
mill, 90% of the problems can be detected and they highlight the importance of the pre-cleaning 
analysis.  Knowledge of energy content of percent broken corn and foreign material would be useful to 
properly characterize energy content and hence feeding value of incoming corn samples. This 
experiment aimed to evaluate chemical and energetic quality of corn obtained in a feed mill before and 
after pre-cleaning.  
 
Material and Methods 
 
 
This study was carried out in the Asa Alimentos Feed Mill in Brasilia, DF, Brazil.  Twenty samples of 
30 kg (0.0002% of the total load, according to Brazilian Federal Regulations – Brazil(4, 6)) of corn each 
were taken from trucks delivering corn to the mill. The samples were collected randomly therefore 
different maize varieties from different producers and locals were sampled. Sampling followed that 
laid out by Brazil(6) that deals with number of subsamples per truck, sample mixing and division, and 
how analyses should be carried out. The trucks were then unloaded and the material passed through a 
pre-cleaning process when another sample was taken, therefore, post cleaning samples were from the 
same trucks as pre-cleaning samples. The pre-cleaning machine installed in the mill has a capacity of 
45 ton/hour and is equipped with 3 mm and 5 mm sieves with oblong holes.   
Grading was adapted from Brazil(4). Density (bushel weight) and relative humidity was analyzed using 
a Gehaka G800. Grains were classified according to their physical properties: percentages of foreign 
material, impurities, fragments, broken, soft, insect damaged, fire-burnt, fermented, damaged, cracked 
and fine particles, and was dependent of the sampling performed and the quality of corn that arrived 
before the pre-cleaning. 
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The samples were stored in plastic bags and sent for chemical composition analysis  in the laboratory 
of Adisseo do Brasil, including: apparent metabolizable energy for poultry (AME), ether extract (EE), 
crude fiber (CF), starch (STA), water activity (WA), crude protein (CP), digestible and total lysine, 
methionine, cystine, threonine, tryptophan, valine, isoleucine, leucine, phenylalanine, histidine and 
arginine. Total aminoacids were quantified by HPLC (High Performance Liquid Chromatography) and 
the other analysis by NIRS (Near InfraRed Spectrometry). 
The calibration database for NIRS were obtained in more than 10 years of research experiments by 
Adisseo do Brasil including: chemical analysis, total amino acids (measured by HPLC), digestibility 
in-vivo of amino acids and apparent metabolizable energy (measured with cecectomy of cocks). 
The experiment was a fully randomized design with two treatments (before and after pre-cleaning) and 
twenty replications. Data was analyzed using SAS ® and treatment differences obtained using F test. 
Correlations between the physical and chemical traits were calculated and principal component 
analyses carried out to evaluate relationships between the traits.  
 
Results and Discussion 
 
 
The importance of pre-cleaning on the chemical and energetic characteristics of corn grain depends of 
the raw material quality that arrives at the feed mill, therefore, the control of physical quality of 
incoming grain to the feed mill is of utmost importance. Physical composition of corn before and after 
pre-cleaning is shown in Table 1.  The corn grain before pre-cleaning was classified as Type 1 
according to Brazil(4) taking into consideration percentages of fire-burnt, impurities and fragments, and 
due to this, the two treatments had very similar results, since the corn evaluated had an excellent 
quality. Density was high compared to other studies(7,8) but much lower than those found by Moore et 
al. (9), Matin et al. (10), and Ngonyamo-Majee et al. (11) in the USA and Europe. This may be due to 
cultivar and growing condition differences between regions and countries, as well as drying and 
storage methods, but also reiterates the need for nutritionists to analyze the feedstuff before 
formulating rations. Different maize lineages are adapted to local growing conditions (soil type, 
temperature, altitude, and biotic and abiotic stresses) and desired human uses(12), with different 
genotypes showing significantly different chemical compositions(13). 
Matin et al. (10) found that there were significant differences in corn kernel dimensions before and 
after drying process, as well as between samples exposed to different drying temperature levels. 
Here, no control was taken over these parameters but there was a 30% difference in density levels in 
the samples studied (755.85 vs 1107 g/l). 
Kernel density is affected by the relative proportions of the major nutrient components (e.g. starch 
and its ratio of amylose to amylopectin, protein and oil) and their packing within the kernel(14). 
Density levels here are in line with those found by Duarte et al. (15,16,17) in various corn hybrids 
grown in Brazil as well as Moore et al. (18,19) in the USA.  Matin et al. (10) showed that in dry seasons 
density increased while in rainy seasons it decreased.  
There was a decrease in density (P= 0.090) after the pre-cleaning process which was due to the 
removal of earth and stones rather than grain and its fractions. Significant increases were found for 
insect damage, fermented and damaged grain while fire-burnt was significantly reduced. The lower 
weight fractions such as damaged and fermented were maintained in the corn samples and their 
proportion increased in the overall sample. Since their presence may affect chemical quality and 
energy content a new evaluation should be carried out after pre-cleaning as these fractions remain in 
the corn, in agreement with Fessel et al. (20). Dale and Jackson(21) showed that these fractions had less 
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metabolized energy than whole grain. Pre-cleaning is important but does not solve grain quality 
problems.  
 
Impurity levels found here were lower than that found by Piedade et al. (22) in corn samples from a 
feed mill in São Paulo State, Brazil, who observed that the contamination levels of non-sound 
kernels were higher than in sound kernels. Injured and broken kernels are more susceptible to 
fungal attack than whole kernels. Rambo et al. (23) and Shotwell et al. (24) observed a higher incidence 
of Aspergillus flavus in injured kernels while Shotwell et al. (25) verified that corn fractions that 
presented insect damage, discoloration, injured and broken were more contaminated with aflatoxins. 
Pre-cleaning of the grain does little to improve sorter performance in terms of aflatoxin 
reductions(26). Humidity was low which may increase corn kernel breakages(20) and Alves et al. (27) 
showed that the lower breaking rate was obtained when harvesting humidity was 15%. 
Chemical composition of the corn samples was shown in Table 2 and amino acids were in Table 3. 
Pre-cleaning is important to control problems with substances that reduce nutritional quality or add 
non-nutritional components to the corn in ration formulation. These non-nutritional components, 
especially leaves and earth, can increase humidity and allow fungus or other microorganisms to 
grow in rations, and in this experiment, pre-cleaning was effective in reducing humidity. Crude 
protein, ether extract levels and humidity were higher than those reported by Moore et al. (9,18,19).  
Differences in humidity may explain density differences. These were also linked to water activity. 
Water activity levels were lower than those found in other studies(28) where higher water activity led 
to higher fungal growth.   
Crude protein levels observed for Jaeger et al.(3) and Jiang et al.(29) were higher than the values 
observed in the present study, while starch levels were similar to those found by Ngonyamo-Majee 
et al.(11).  
As expected, starch increased after pre-cleaning which is a result of the removal of contaminants 
which normally are poor in this carbohydrate, but fiber levels increased too, although it was 
expected that fiber components, especially straw and pieces of corn cobs should be separated in pre-
cleaning process. Apparent metabolizable energy levels was not affected by pre-cleaning (P = 
0.093). According to Baidoo et al.(30) the amount of metabolizable energy is directly correlated to 
density of the grain mass and, by the way, is directly dependent to fiber levels. Dale and Jackson(21) 
inform  that  high variation  can  be  found in  metabolizable  energy  in corn grains and the 
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different  fractions  that occur in different amounts affect metabolizable energy and protein, fat, 
fiber and mineral content. Fiber levels observed in the present study are lower than observed by 
Moore et al. (19) who showed that high fiber may prevent poultry from completely digesting starch, 




As crude protein levels did not change with the pre-cleaning process, changes in amino acids (AA) 
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were not expected and this was the case for most AA studied in this study.  Nevertheless, digestible 
(P = 0.016) and total (P = 0.012) histidine reduced its levels after pre-cleaning. Lilburn and Dale(31) 
observed that methionine, lysine and total sulfur amino acids increased linearly as the bushel weight 
increased, which are not confirmed in this study. Cystine, histidine, metionine, phenylalanine and 
threonine levels were in general higher than reported by Moore et al.(9), while leucine and 
tryptophan were lower and the others approximately the same. Moore et al.(19) showed that lysine 
and metionine contents of the kernels contributed each with 8% to the variation in feed 
consumption, and lysine and metionine contributed with 17 and 11%, respectively, to the variation 




Correlations between physical properties of corn are shown in Table 4. Significant correlations 
(P<0.05) were found between density and % impurities (-0.31) and fragments (0.35).  Density was 
higher when there were fewer impurities such as straw, husk or small grains which pass through a 5 
mm sieve.  When the corn was more fragmented density was higher as it occupies less space and there 
is less air in the sample. Broken corn was positively correlated (P<0.05) with foreign material (0.63) 
and fragments (0.76), while proportion of damaged corn was positively correlated with foreign 
material (0.68), fragments (0.58) and broken corn (0.83). This indicates that lack of care in harvesting, 
drying, transport and storage may increase all types of physical damage to the grain and their correlated 
relationships with grain quality as discussed above.  In general, all other correlations between traits 
analyzed were not significant (P>0.05). According to Carvalho and Nakagawa(27) the incidence of 
broken corn starts to increase as water content goes below 12-14%, while from 16-18% the grain 
suffers from squashing, therefore the ideal would be between these measures, however in this study 
there was no correlation of relative humidity with any physical characteristics of the grains. 
The principal component analysis showed that 54% of all variation of traits was described by the first 
two autovectors (Figure 1).  As described by the first principal component, higher calculated 
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metabolizable energy was accompanied by less impurties in the sample.  In the second component 
higher density was accompanied by more broken and fragmented grains with more fine particles.  
These leave less room in the sample for air, thereby increasing density. This higher density was also 
accompanied by less soft, insect damaged, damaged and fermented grains.  These grains have less 
endosperm thereby becoming lighter. 
The principal component analysis of amino acids and chemical analysis (Figure 2) shows that with an 
increase in protein levels there is an increase in valine, histidine, arginine, leucine, metionine, histidine, 
lysine, isoleucine while apparent metabolizable energy and damaged was lower.  The second 
component shows a subgroup with high damage and crude fiber content with low apparent 
metabolizable energy, water activity and relative humidity. These results are in agreement with 
Rodrigues et al. (2).  Fiber directly affects energy content of the grain, as the bird does not use this 
component to produce energy.  Grains with more fiber have a lower relative humidity and 
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In this study, even though the samples were classified as excellent quality before the pre-cleaning, the 
pre-cleaning process was effective to reduce humidity and water activity that helps control the growth 
of fungus or other microorganisms in rations. 
Starch and fiber levels increased after pre-cleaning while apparent metabolizable energy levels was 
not improved by pre-cleaning. 
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